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Most  investigations  on  the  acidity  of blood,  lymph,  and  tissue 
fluid  have  dealt  largely  with  higher  animals.  However,  three 
papers  have  recently  appeared  which  deal  partly with the hydro- 
gen  ion  concentrations  in  the  blood  of  insects.  Jameson  and 
Atldns (1921)  reported that the blood of the silkworm gave the pH 
value 6.8.  Bishop (1923-24) averaged determinations with the blood 
of honey bee larwe and found the pH to be 6.83, ranging from 6.77 to 
6.93.  During spinning an  acidosis  of  the blood appears,  giving a 
range of pH value from 6.60 to 6.65.  After spinning the pH returns 
to approximately the initial level.  Among other  interesting things, 
Bishop states,  "The acidosis that occurs during spinning appears to 
be  one  of  several  factors  present  that  should  encourage autolytic 
changes in a  tissue.  Such changes do, in fact, take place in the bee 
larva.  High concentration of the H  ion may, therefore, be assigned 
as a  contributing cause to the rapid metamorphosis of this insect." 
Bodine (1925)  in Orthoptera found the average blood pH value for 
seventeen species of grasshoppers to be 6.8. 
In connection with some other work it became necessary for the 
writer to make frequent pH determinations of the blood of a variety 
of insects.  The colorimetric method described by Brown (1923-24) 
was employed. 
The blood is obtained from the insects by rapidly cutting off a leg 
or proleg, or by inserting a  fine needle in  a  favorable locality.  A 
standard platinum loopful of the blood is obtained as it oozes forth, 
and the determinations then made according to the method of Brown. 
Since each determination can be executed in less than 1 minute, collec- 
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tion of the blood under  oil may be omitted.  Brom-thymol blue was 
the  indicator  finally  adopted  after  checking with various  indicators 
recommended by Clark (1920).  This indicator is the one which was 
also used by Crozier (1923-24)  in his observations on the reaction in 
TABLE  I. 
Species. 
]/Ielanoplus  differen~ialis. 
Periplanaa  americana. 
~gI@lacosortza amer~can~m. 
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Young.  7.4-7.6 7.2-7. 
Adult.  7.2-7.6 
Young.  7.5-8.0 7.5-8. ¢ 
Adult.  7.5-8.0 
3rd  stage.  6.6-6.8 6.4-7.4 
4th  "  6.5-6.8 
Last  "  6.4-7.2 
Spinning  "  6.4-7.0 
Pupal  "  6.5-7.2 
Moth  "  6.8-7.4 
2nd  "  6.8-7.2 6.4-7.2 
3rd  "  6.5-7.1 
4th  "  6.5-7.2 
Last  "  5.6-7.0 
Spinning  "  i6.5-7.0 
Pupal  "  7.0 
Moth  "  5.4-7.2 
Maggot  "  7.4-7.6 7.2-7.( 
Pupal  "  7.4-7.6 
Fly  "  7.2-'7.6 
different parts of the gut of Psychoda and Chironomus.  In a footnote 
Crozier points out that, "The numerical pH values obtained with this 
indicator may be subject to 'salt correction' of unknown but probably 
quite small magnitude." 
The results of the present determinations are summarized in Table I. 
Two insects which have no metamorphosis were  first  chosen,  namely 
a  species  of grasshopper  and  the  large  American  roach.  The  third R.  W.  GLASER  601 
column gives the number of animals used; the fourth, the approximate 
age; the fifth, the range of the pI-I readings at different ages; and the 
last column, the range covering most of the life cycle of the forms used. 
Later, three insects (the American tent caterpillar, the silkworm, and 
the house-fly) having a complete metamorphosis were chosen.  Deter- 
minations on these forms were begun as soon as they were old enough 
to yield a  sufficient amount of blood and were continued through to 
maturity.  In the cases of the tent caterpillar and silkworm, a  stage 
has been inserted between the last larval and the pupal stage.  This 
has been tentatively labeled the "spinning stage," and was studied in 
order to bring out any pronounced decrease or increase in pH which 
might occur before, during, or after metamorphosis. 
No great differences in pH exist between young and mature  grass- 
hoppers.  The range is 7.2 to 7.6.  The same was noticed in the case 
of young and  mature  roaches;  the  range  is  7.5  to  8.0.  House-fly 
maggots, pupae, and adults have a range that does not vary much with 
the stage; and the entire range, 7.2  to  7.6,  agrees with that for the 
grasshoppers.  In this case, then, no definite increase or decrease in 
hydrogen ion  concentration appears  to  accompany metamorphosis. 
The blood of the two lepidopterous species shows, in general, a greater 
degree of acidity than was the case with the last three forms.  The 
entire range for Malacosoma americanum is 6.4 to 7.4,  and the entire 
range for Bombyx mori is  6.4  to  7.2.  In these two species also  the 
ranges are such that one could not possibly correlate decrease or in- 
crease in pH with metamorphosis.  A point that is emphasized is the 
stability of the silkworm pupal reaction as contrasted with the pupal 
reactions of the tent caterpillar and house-fly.  The writer hesitates 
to offer an explanation for this fact. 
Why does the blood of animals of the same age or stage give such 
divergent pH  readings?  Certainly  the  difference between 6.4  and 
7.2 is not slight.  The question is not easily answered, for up  to  the 
present little is known concerning metabolism in insects.  Differences 
in food occur which might explain the matter.  However, silkworms 
eat only mulberry leaves; the moth eats nothing, and yet the pH of the 
body fluids of moths ranges between 6.4 and 7.2.  The writer is in- 
clined  to  believe  that  these  pH  variations  are  expressions  of 602  p~N  BLOOD OF  INSECTS 
inherent  differences and  cannot be  explained  on a  simple metabolic 
basis. I 
As regards the view that decrease or increase in pH may be corre- 
lated with metamorphosis, there seems to be no doubt that the results 
obtained  with bees  (Bishop)  are  correct; but  evidently it  would be 
extremely unsafe to generalize as to the mechanism of metamorphosis 
from this  standpoint.  In  this  connection it might be well to quote 
Dernby (1918).  "In what sense the hydrogen ion concentration will 
change during autolysis is impossible to predict.  This depends upon 
the chemical constituents of different tissues and might vary in any 
direction." 
SUM~IARY. 
The range of pH values for the blood of grasshoppers and of house- 
flies is 7.2 to 7.6.  The range of values for roaches is 7.5 to 8.0.  The 
range  for Malacosoma  americanum  is  6.4  to  7.4;  and  the  range  for 
Bombyx mori is 6.4 to 7.2.  From the work of other investigators and 
from the writer's results, it is apparent that the pH of insect blood, in 
general, may vary between 6.4  and  8.0.  In  the  forms observed no 
correlation exists between blood pH  and  age,  nor between pH  and 
metamorphosis. 
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1  The variations cannot be due to CO2 from the air absorbed during the time 
when the determinations were made.  Two or three determinations on the blood 
of an individual  insect  made  on  the  same  day always  give the same reading, 
whereas  determinations made on the blood of separate individuals  may or may 
not give the same result.  Anyway, insect tissue is aerobic, receiving air directly 
through trachea~, so CO2 tension within the animals must vary somewhat.  Never- 
theless,  the pH determinations made represent conditions  within and were  not 
influenced much after the removal of the blood, however much they may be in- 
fluenced  by variations in  CO~  tension  within.  The explanation offered for the 
variations in pH may also be applied to variations in CO2 tension if such variations 
exist within the insects. 